The ferrocenyl-containing diruthenium complexes [Ru 2 (CO) 4 (l 2 -g 
Introduction
Sawhorse-type ruthenium complexes are well-known since 1969, when Lewis and co-workers reported the formation of [Ru 2 (CO) 4 (l 2 -g 2 -OOCR) 2 ] n polymers by refluxing Ru 3 (CO) 12 in the corresponding carboxylic acid and their depolymerisation in coordinating solvents to give dinuclear complexes of the type [Ru 2 (CO) 4 (l 2 -g 2 -OOCR) 2 L 2 ], L being acetonitrile, pyridine or another two-electron donor [1] . These dinuclear complexes have been shown later, by a single-crystal X-ray structure analysis of [Ru 2 ðCOÞ 4 ðl 2 -g 2 -OOCBu n Þ 2 PBu t 3 Þ 2 ] to have a Ru 2 (CO) 4 backbone in a sawhorse-type arrangement with two symmetrical l 2 -g 2 -carboxylato bridges and two axial (phosphine) ligands [2] . In the meantime, a considerable number of such sawhorse-type diruthenium complexes with carboxylato [3], carboxamido [4] , phosphinato [5] , sulfonato [6] , pyrazolato [7] or oximato [8] bridges have been reported. We have found that complexes of the type [Ru 2 (CO) 4 (l 2 -g 2 -OOC 6 H 5 ) 2 L 2 ], where L represents pyridine ligands substituted with long aliphatic chains, exhibit mesomorphic properties, forming nematic liquid crystals in a temperature range of 150-225°C [9] .
Bearing this in mind, we synthesized the ferrocenecarboxylato derivatives 1 and 2 as well as the analogous complexes 3 and 4 containing additional ferrocenyl substituents in the pyridine ligands. Unfortunately, lightpolarised microscopy shows 1-4 to have no mesomorphic properties. On the other hand, the presence of chemically different ferrocenyl substituents makes 1-4 interesting substrates for electrochemical studies. Herein, we report the synthesis and characterization of [1] [2] [3] [4] [10] have been electrochemically studied by cyclic voltammetry at a rotating platinum disc electrode (RDE) and by cyclic voltammetry at a stationary platinum disc electrode in dichloromethane solutions.
Electrochemistry
The redox behavior of the ferrocenecarboxylatobridged complexes 5 and 6 (Table 1 ) is similar as far as both compounds undergo two narrow-separated, reversible one-electron oxidations, which can be assigned to the oxidation of the ferrocene units, and a one-electron irreversible oxidation of the diruthenium core. These redox steps, however, are observed in different order: 6 becomes oxidized first at the Ru 2 unit and then at the ferrocene units, whereas 5 undergoes first ferrocene/ ferrocenium oxidations, followed by the irreversible, Ru 2 -centered oxidation at a potential markedly higher than that for 6 and associated with some chemical complications (probably adsorption) that are reflected by an 12 Ru Ru
additional wave at ca. + 0.84 V versus ferrocene/ferrocenium (see Fig. 1 ). The observed shift towards less positive potentials of the core oxidation upon replacement of pyridine (complex 5) with PPh 3 (complex 6) is in accordance with the donor ability of these ligands: The phosphine as a stronger base (donor) can be expected to increase the electron density at the Ru 2 core, thus facilitating the oxidation. However, the variation of the redox potential of the Ru 2 -centered oxidation as a function of the axial ligands is not that simple. As observed for 6, a lowering of the Ru 2 -centered oxidation potential (or an increase in the donating ability of the ligand) can shift the Ru 2 -wave negatively, so that it even precedes the oxidation of the ferrocene unit. In such case, however, the first oxidation has to influence the following one by making any subsequent electron removal more difficult. This leads to a discontinuity in the changes of the redox potentials. It is also noteworthy that the close separation of the individual ferrocene/ferrocenium processes (about 50 mV) points to a rather limited electronic communication between the ferrocencarboxylato bridges.
The redox response of the pyridinecarboxylic esters 1 and 2 is very similar to that of 5. Upon raising the external potential, the compounds first undergo two narrow spaced oxidations at the ferrocene units, followed by an irreversible oxidation at the bimetallic core. In accordance with very similar structures that differ only by the length of the peripheral alkyl chain the corresponding waves are found at nearly identical potentials.
Moving the ferrocencarboxylic unit to the periphery as in 4 has only a slight effect on the overall appearance of the cyclic voltammogram, with the exception that the distant ferrocene units are oxidized independently, thus giving rise to a reversible ferrocene/ferrocenium wave with DE p characteristic for one-electron process and a height corresponding to the two-electron exchanged. Similarly to 5, the ferrocene oxidation is followed by an irreversible oxidation at more positive potentials that shifts even further anodically upon repeated scanning (Fig. 2) .
The redox response of complexes that combine Rubonded and pyridine ester ferrocenecarboxylic units is rather complex. In the case of 7, a poorly resolved system of three waves followed by a well-separated irreversible wave with E pa + 0.65 V is observed. These redox processes are further complicated by pronounced adsorption phenomena. The analogous compound alkylated at the lateral ferrocene units, 3, shows a similar voltammogram (Fig. 2) . The first wave is resolved only very poorly and followed by an irreversible wave at a potential higher than for 7. In the whole series, an increase of the molecular weight results in lowering of the diffusion coefficients which is in turn reflected by a significant lowering of the peak and limiting currents.
Experimental

General comments
All manipulations were carried out by routine under nitrogen atmosphere. Organic solvents were degassed and saturated with nitrogen prior to use. All reagents were purchased either from Aldrich or Fluka and used as received. NMR spectra were recorded on a Bruker 400 MHz spectrometer. IR spectra were recorded on a Perkin-Elmer 1720X FT-IR spectrometer (4000-400 cm À1 ). Microanalyses were performed by the Laboratory of Pharmaceutical Chemistry, University of Geneva (Switzerland). Electro-spray mass spectra were obtained in positive-ion mode with an LCQ Finnigan mass spectrometer. Dodecacarbonyltriruthenium [11] was prepared according to published method and 1-(pyridyloxy)carbonyl-1 0 -dodecylferrocene was obtained by analogy using the method reported by Donnio et al. [12] for 1-(pyridyloxy)carbonyl-1 0 -tetradecylferrocene.
Synthesis of complexes 1-4
A solution of Ru 3 (CO) 12 (100 mg, 0.16 mmol) and the appropriate carboxylic acid (0.47 mmol) in dry tetrahydrofuran (40 ml) was heated at 120°C in a pressure Schlenk tube for 12 h. Then the solvent was evaporated to give a yellow-brown residue, which was dissolved in tetrahydrofuran, and the appropriate ligand (0.47 mmol) was added. The solution was stirred at room temperature for 2-3 h, the solution was evaporated and the product isolated from the residue by crystallization from a tetrahydrofuran/hexane mixture. In order to improve the purity, the raw product was subjected to a thin-layer chromatography on silica gel using dichloromethane as eluent and obtained as an orange or yellow powder.
Data for [Ru 2 (CO) 4 
Electrochemistry
Electrochemical measurements were carried out with a multipurpose polarograph PA3 interfaced to a Model 4103 XY recorded (both Laboratorní přístroje, Prague) at room temperature using a standard three-electrode cell: rotating (RDE) or stationary platinum disc (1 mm diameter) working electrode, platinum wire auxiliary electrode, and saturated calomel electrode (SCE) reference electrode, separated from the analyzed solution by a salt bridge filled with 0.1 M Bu 4 NPF 6 in dichloromethane. The samples were dissolved in dichloromethane (Merck p.a.) to give ca. 5 · 10 À4 M concentration of the analyte and 0.1 M Bu 4 NPF 6 (supporting electrolyte; Fluka, purissimum for electrochemistry). The samples were deaerated with argon prior to the measurement and then kept under an argon blanket. Cyclic voltammograms were recorded at stationary platinum disc electrode (scan rates 50-500 mV/s), whereas the voltammograms were obtained at rotating disc electrode (500 rpm, scan rates 10-100 mV/s). Redox potentials were given relative to the ferrocene/ferrocenium reference (E°0 = 0.41 V versus SCE under the experiment conditions).
